Lung cancer has the highest mortality rate of all of the cancers in the world and asbestos-related lung cancer is one of the leading occupational cancers. The identification of asbestos-related molecular changes has long been a topic of increasing research interest. The aim of this study was to identify novel asbestos-related molecular correlates by integrating miRNA expression profiling with previously obtained profiling data (aCGH and mRNA expression) from the same patient material. miRNA profiling was performed on 26 tumor and corresponding normal lung tissue samples from highly asbestos-exposed and non-exposed patients, and on eight control lung tissue samples. Data analyses on miRNA expression, and integration of miRNA and previously obtained mRNA data were performed using Chipster. A separate analysis was used to integrate miRNA and previously obtained aCGH data. Both known and new lung cancer-associated miRNAs and target genes with inverse correlation were discovered. Furthermore, DNA copy number alterations (e.g., gain at 12p13.31) were correlated with the deregulated miRNAs. Specifically, thirteen novel asbestos-related miRNAs (over-expressed: miR-148b, miR-374a, miR-24-1*, Let-7d, Let-7e, miR-199b-5p, miR-331-3p, and miR-96 and under-expressed: miR-939, miR-671-5p, miR-605, miR-1224-5p and miR-202) and inversely correlated target genes (e.g., GADD45A, LTBP1, FOSB, NCALD, CACNA2D2, MTSS1, EPB41L3) were identified. In addition, over-expression of the well known squamous cell carcinoma-associated miR-205 was linked to down-regulation of the DOK4 gene. The miRNAs/genes presented here may represent interesting targets for further investigation and could eventually have potential diagnostic implications. in Wiley Online Library (wileyonlinelibrary.com).
INTRODUCTION
Lung cancer is the leading cause of cancer death throughout the world. Although the major risk factor for lung cancer is tobacco smoke, an estimated 5-7% of all these cancers are attributable to asbestos exposure (LaDou, 2004) . Asbestos-related lung cancer is considered to be one of the most important occupational cancers (Karjalainen et al., 1994) .
Asbestos is the common commercial term for six naturally occurring silicate mineral fibers. The material has been widely used in building material (LaDou, 2004) . Asbestos fibers can induce different types of alterations in normal cell homeostasis, such as oxidative stress, inflammation, DNA damage, mitochondrial dysfunctions, and apoptosis . In combination with tobacco smoke, asbestos exposure increases the risk of lung cancer in a synergistic manner, which has made it exceedingly difficult to elucidate those alterations which are related specifically to asbestos exposure, since many asbestos workers are also tobacco smokers (Vainio and Boffetta, 1994) . We have previously identified 18 chromosomal regions harboring asbestos-related copy number alterations (CNA) using array CGH (aCGH) and six of these regions also showed asbestos-related gene expression (mRNA) changes (Nymark et al., 2006; Wikman et al., 2007) . Three of the CNAs, at 2p16, 9q33.1 and 19p13, were studied using other methods and were confirmed to be asbestos-related in a larger study population (Ruosaari et al., 2008; Kettunen et al., 2009; Nymark et al., 2009) . In this study, we have profiled the miRNAome of the same samples and integrated the data with earlier mRNA and aCGH results.
MicroRNAs (miRNAs) have rapidly become an attractive method for profiling cancers. These noncoding small RNAs of about 19-25 nucleotides have proved to be more efficient in distinguishing between tumor histology, classifying undifferentiated tumors and predicting patient outcome compared with traditional gene expression profiling of mRNAs . Their role in asbestos-related lung cancer has not been investigated previously.
MATERIALS AND METHODS

Samples
The miRNAome of 13 malignant lung tumors and corresponding normal lung samples from highly asbestos-exposed patients as well as 13 tumors and corresponding normal samples from nonexposed patients was analyzed. Throughout the text ''normal'' will refer to the normal samples from the cancer patients. The two groups were matched for age, gender (male), nationality (Finnish), smoking history and distribution of histological types ( Table 1) . The samples were obtained during lung cancer surgery at the Helsinki University Central Hospital in the 1990s. All patients were personally interviewed for their smoking and work history. Informed consent to take part in the study and to use their tissue was obtained. The study protocols were approved by the Ethical Review Board for Research in Occupational Health and Safety and the Coordinating Ethical Review Board, Helsinki and Uusimaa Hospital District (75/E2/2001).
Asbestos fiber counts were measured by electron microscopy with energy dispersive spectrometry of lung tissue (Karjalainen et al., 1993 ). The exposed group consisted of patients with a definite or probable exposure according to work history and a pulmonary asbestos fiber count higher than 5 million fibers/g of dry lung tissue (mainly amphiboles). An asbestos fiber concentration of 2 to 5 million is thought to confer roughly a twofold increase in the risk of lung cancer (Karjalainen et al., 1994; Consensus Report, 1997) . The nonexposed group consisted of patients with no known asbestos exposure according to their work history and with an asbestos fiber count of 0 million fibers/g of dry lung tissue or in one case 0.5 million fibers/g. It has been reported that up to 1 million fibers/g of dry lung tissue can be detected in the general population (Churg, 1997) .
The miRNAome was also analyzed in eight control samples, of which seven were lung tissue samples from patients without cancer. Two of the patients had been exposed to asbestos according to the work history and had pulmonary asbestos fiber counts of 2.8 and 3.0. Two patients had less than 1 million fibers and no asbestos exposure according to the work history. Three patients had no known history of asbestos exposure, but the fiber count had not been determined. All seven patients had a history of smoking (Table 1 ). The eighth sample was a commercially available lung tissue RNA sample (FirstChoice V R Human total RNA, Applied Biosystems/Ambion, USA).
mRNA data were available from all (Table 1 ) tumor samples and from 22 of the 26 normal samples, as well as from four of the control samples (Wikman et al., 2007) . aCGH data were available from 18 of the 26 tumor samples (Nymark et al., 2006) .
RNA Extraction
Total RNA extraction was performed by using the miRNeasy Mini Kit (Qiagen, Valencia, CA) according to the manufacturer's protocol. The total RNA samples were stored at À70 C. Nano-Drop ND-1000 Spectrophotometer (NanoDrop Technologies, Wilmington, Delaware, USA) was used for the quantification of the eluted RNA. The quality and the quantity of miRNAs were assessed with the Agilent 2100 Bioanalyzer using RNA Nano 6000 and Small RNA Chips, according to the manufacturer's protocol (Agilent Technologies, Palo Alto, CA).
miRNA Microarrays
Agilent's miRNA Complete Labeling and Hybridization Kit V2 (Protocol Version 2.1, Agilent Technologies, Palo Alto, CA) was used for processing the samples. Briefly, 100 ng of total RNA was dephosphorylated and labeled with Cyanine-3-pCp. The samples were dried in a vacuum concentrator at medium-high heat setting, resuspended in nuclease-free water and hybridized on the Agilent Human miRNA v2 (723 human and 76 human viral miRNAs, Sanger database v.10.1). A high-resolution Microarray Scanner (G2565CA, Agilent Technologies, Palo Alto, CA) was used to scan the microarrays and the obtained images were processed with Agilent Feature Extraction Software v. 9.5.
Data Analysis
miRNA data
The miRNA data (GEO accession: GSE25508) were analyzed using Chipster version 1.4.2 (http://chipster.csc.fi/). The data were normalized according to the default settings in Chipster for Agilent miRNA(v2) platform. The log 2 transformed data were preprocessed using the coefficient of variation (CV-filter) to filter out miRNAs with no variation across the patients. The miR-NAs with 20% or 50% (setting 0.8 or 0.5 depending on the analysis and number of samples) largest variation were chosen for further analysis. Statistical analyses using principal components analysis (PCA) and two-group tests were then performed on the normalized, preprocessed data to obtain differentially expressed miRNAs with adjusted P values below 0.05 or 0.2, depending on the analysis. The P values were adjusted by multiple testing using default Chipster settings (Benjamini-Hochberg test) and thus, indicate false discovery rate (FDR). For example, an adjusted P value of 0.1 indicates that the expected fraction of false positive findings is 10%.
Integrative analysis on miRNA and mRNA data
The mRNA data were also log 2 transformed and analyzed in Chipster similarly to the miRNA data. Correlations between the miRNA and mRNA data were analyzed using the ''Up-down analysis of miRNA targets''-tool (default settings, i.e., target genes were fetched from targetScan and PicTar). The significantly differentially expressed miRNAs obtained in group comparisons were tested with the analysis tool on significantly differentially expressed mRNAs obtained in group comparisons (two-group test on 90% CV filtered, with expression values >50 in at least 50% of the samples) or on preprocessed (90% CV filtered, expression value >50 in at least 50% of the samples) mRNA data. Slight nonsignificant differences in expression of an mRNA between the groups can be considered as significant if the targeting miRNA shows significant opposite expressional differences between the groups.
Integrative analysis on miRNA and aCGH data
An integrated analysis was performed on the DNA copy number (aCGH) and miRNA data to detect co-ordinated patterns in various patient groupings. A common pooled reference was used for all of the aCGH hybridizations. To achieve a similar setting for miRNAs, the independent control patients' samples were pooled and used as a reference. To characterize differential expression, quantile normalization was performed based on the results from Pradervand et al., (2009) and Lopez-Romero et al., (2010) . The aCGH was measured from Agilent human cDNA array version 1.0 arrays, where the probes were mapped according to human genome build GRCh37 using annotations from CanGEM. Circular binary segmentation was used to translate noisy measurements into regions of equal copy number, using the DNA copy number data analysis in R package version 1.22.0 (Venkatraman and Olshen, 2007) . The largest plateaus of the chromosome were used as a means to call segments of gain and loss. Thus, three levels were obtained for both miRNA and aCGH; over-expression/gain, under-expression/loss and no change. Finally the dataset was made comeasurable by mapping aCGH regions to the corresponding genomic location for the miRNAs in each patient.
This analysis was performed on a set of eight different groups of patients; (i) all patients, (ii) asbestos exposed, (iii) nonasbestos exposed, (iv) adenocarcinoma (AC) samples, (v) asbestosexposed patients' AC samples, (vi) squamous cell carcinoma (SCC) samples, (vii) asbestos-exposed patients' SCC samples, (viii) cancer groups 1 and 2 (described in the Results section, ''Lung cancer-related miRNAs'').
For each miRNA, a Spearman rank correlation was computed between the two profiles (copy number [CN] and miRNA) across the patients for the group. Empirical P values were calculated by permuting the whole CN and miRNA matrix of the group such that the distribution of miRNAs and CN remained the same but any relationships were removed.
The integrative analysis was confirmed with the ''pint'' package of R/BioConductor (http:// www.bioconductor.org/packages/devel/bioc/html/ pint.html) that has been designed for data integration tasks in functional genomics .
RESULTS
Lung Cancer-Related miRNAs
Thirty-four miRNAs were identified to be significantly differentially expressed (FDR <0.05) in tumor samples compared to their normal counterparts ( Fig. 1, Supporting Information 1) . The 34 miRNAs classified the normal samples into one group and the tumor samples into two separate groups, one distantly and one closely related to the normal samples. In the following sections we will refer to these groups as cancer Groups 1 and 2 (Fig. 1) . The frequency of samples with AC histology was significantly higher in Group 1 (8/ 13, 62%) than in Group 2 (2/13, 15%, P < 0.05; Table 2 ).
Integrated analysis with 771 differentially expressed mRNA probes (FDR < 0.05) revealed 27 down-regulated target genes correlating with 10 of the over-expressed miRNAs and 33 upregulated target genes correlating with five of the under-expressed miRNAs (Supporting Information 2 and 3).
Integrated analysis on miRNA and aCGH data revealed six miRNAs affected by CNA in addition to being deregulated and four were confirmed by the ''pint" package approach (see Methods). miR-200c (corr. ¼ 0.32, FDR ¼ 0.0008) and miR-141 (corr. ¼ 0.25, FDR ¼ 0.001) at 12p13.31 were over-expressed and gained, while miR-27a at 19p13.13 (corr. ¼ 0.22, FDR ¼ 0.0016) and miR-205 at 1q32.2 (corr. ¼ À0.13, FDR ¼ 0.0051) showed both types of correlating directions.
Sixty-eight miRNAs were differentially expressed between cancer Groups 1 and 2 (FDR < 0.05, Supporting Information 4). Integrated analysis with aCGH data identified two of the 68 miRNAs to be affected by CNA in correlation with the deregulated expression. The first, miR-27a (19p13.1), was more frequently altered in cancer Group 1 and the second, miR-939 (8q24.3), in cancer Group 2. The two miRNAs alone were able to classify 96% (25/26) of the samples correctly (data not shown). Integrated analysis with preprocessed mRNA data revealed 15 target genes displaying an inverse correlation with the over-expression of miR-27a (Supporting Information 5). The most strongly affected was SYT1 ( Fig. 2a ).
miRNA Expression in Normal Samples Compared with Controls
Normal lung samples from lung cancer patients were compared with control samples to identify early carcinogenesis-related changes. Using the statistical PCA test in Chipster, one of the controls (sample nr. 34, Table 1 ) clustered together with the normal samples, while the others clustered separately, and was omitted from the analysis. One hundred miRNAs were significantly differentially expressed (FDR < 0.05, data not shown). Further analysis was performed on the top 30 miRNAs (FDR < 0.0001), of which 77% (23/30) were under-expressed in the normal samples compared with the controls (Supporting Information 6). Integrated analysis with preprocessed mRNA data revealed 62 up-regulated target genes correlating with 15 of the under-expressed miRNAs (Supporting Information 7).
Histology-Related miRNAs
A comparison between AC and SCC samples revealed the previously known and highly SCCspecific miR-205 (FDR ¼ 0.000005, log 2 fold change ¼ 3.84, predictive log 2 expression level !7.89, predictive value 94%). Integrated analysis with 124 significantly differentially expressed mRNAs between AC and SCC (FDR < 0.25; Supporting Information 8), detected inverse correlation of the target gene DOK4 (Fig. 2b) .
Asbestos-Related miRNAs
Cancer Groups 1 and 2 ( Fig. 1) were analyzed separately using PCA analysis. Cancer group 1 exhibited significant differences between the asbestos-related and nonrelated samples, while cancer Group 2 showed slight differences between current and ex-smokers (data not shown). Eight miRNAs (FDR < 0.05) distinguished asbestos-exposed from nonexposed patients' samples in Group 1 and were able to classify all of the samples correctly ( Fig. 3a and Table 3 ). Integrated analysis with preprocessed mRNA data revealed three down-regulated target genes (GADD45A, LTBP1 and FOSB) correlating with the over-expression of miR-148b (Table 4 ). In Group 2, three miRNAs (FDR < 0.2) were differentially expressed between current and exsmokers; however, only 10/13 samples were classified correctly (Table 3) . No inversely correlating target genes were identified. The smoking-statusrelated results are hence not discussed further.
Since cancer Group 1 contained significantly more ACs compared with cancer Group 2, the differences between all asbestos-related and nonrelated AC samples (five exposed þ five non-exposed) were analyzed. Eight significantly differentially expressed miRNAs (FDR < 0.07) were able to classify all of the samples correctly (Fig. 3b, Table 3 ). Three of the miRNAs were the same as those identified in cancer Group 1 (Table 3) . Integrated analysis with preprocessed Level of expression associated with asbestos exposure or current smoking. mRNA data revealed 18 down-regulated target genes correlating with the over-expression of let-7e/d or miR-96 (Table 4) .
During preprocessing of the available aCGH data, it was noted that three of four asbestosrelated and none of four nonrelated AC samples displayed a loss at 10q26 (data not shown). This locus contains miR-202, which was found to be under-expressed in asbestos-related samples of both cancer Group 1 and the ACs (Table 3) .
The samples from patients with SCC were also tested for asbestos-related changes and a significant over-expression of miR-205 was identified in the normal samples of exposed patients as compared to those from the nonexposed patients (FDR < 0.15, log 2 fold change ¼ 0.71; predictive log 2 expression level !7.02, predictive value 100%). Integrated analysis with preprocessed mRNA data revealed 23 down-regulated target genes (Supporting Information 9).
DISCUSSION
The main aim of this study was to reveal novel miRNAs deregulated in lung cancer and particularly in association with the patients' earlier asbestos exposure. Furthermore, miRNA expression data were integrated with mRNA and aCGH data from the same patients (Table 1) . The miRNA expression profile differentiating tumor samples from their normal counterparts classified them into three distinct groups; one normal sample group and two tumor sample groups (Fig. 1 , Table 2 ). The two tumor groups (cancer Groups 1 and 2) were treated separately in subsequent analyses and asbestos-related miRNAs were identified (Table 3 , Fig. 3a ). Integrated analysis also revealed inversely correlated target genes. In addition, several newly identified lung cancer associated miRNAs and target genes as well as correlating CNA were identified. Worth mentioning are the findings of the down-regulated target gene DOK4 in correlation with the well known SCC-specific miR-205 and the possible AC-specificity of miR-27a. The most significant findings are discussed below and all of the results can be viewed in the Supporting Information.
Asbestos-Related miRNAs and Target Genes in Lung AC
In cancer group 1 (Table 2) , which was dominated by AC, 8 miRNAs were identified to be differentially expressed between asbestos-related and nonrelated samples. Three target genes, GADD45A, LTBP1 and FOSB, were found to be down-regulated in correlation with the overexpression of miR-148b (Table 4) . GADD45A is a member of the growth arrest and DNA-damage inducible genes, which have been implicated as tumor suppressors (TS) in several human cancers (Zerbini and Libermann, 2005) . Also FOSB has been shown to be down-regulated in certain cancers (Kim et al., 2010) .
The AC samples were also analyzed separately for asbestos-related changes in miRNA expression; 8 miRNAs were detected, of which three were the same as those in the analysis on cancer group 1 (Table 3, Fig. 3b ). One of these three, miR-202, has been shown to be down-regulated by 4-hydroxynoneal (HNE) in HL-60 leukemia cells (Pizzimenti et al., 2009) . HNE exerts oxidative stress, which is also closely associated with asbestos-related effects Poli et al., 2008) . This may indicate that underexpression of miR-202 is associated with asbestos-induced oxidative stress. Oxidative stress is also closely associated with chromosomal damage and, interestingly, the under-expression of miR-202 was correlated with a loss of its locus (10q26) in 3 of 4 asbestos-related AC samples, from which aCGH results were available. In contrast, none of the 4 nonrelated AC samples showed such a loss (data not shown). Loss of 10q26 has previously been implicated in lung cancer (Levin et al., 1994) .
Although usually under-expressed in cancer, let-7d and -7e were found to be over-expressed in asbestos-related ACs. Interestingly, overexpression of let-7 family members has also been reported in malignant mesothelioma (MM), where it has been postulated to be related to IL6-induced survival (Guled et al., 2009; Busacca et al., 2010) .
miR-96 was also found to be over-expressed in the asbestos-related ACs. It has previously been shown to be highly expressed in several types of cancer (Navon et al., 2009 ). Two calcium-related genes NCALD (neurocalcin delta gene) and CAC-NA2D2 (calcium channel, voltage dependent, alpha 2/delta subunit 2) were found to be downregulated in correlation with the over-expression of miR-96 (Table 4 ). This may be interesting, since asbestos-induced cytotoxicity has been shown to involve modulation of intracellular calcium concentrations (Shukla et al., 2003) . Furthermore, CACNA2D2 has been proposed to be a TS gene that links Ca 2þ signaling with the pathogenesis of lung cancer (Carboni et al., 2003; Navon et al., 2009 ). It is located at the 3p21.31 TS cluster, which has been shown to be lost in association with asbestos exposure in lung cancer (Marsit et al., 2004; Nymark et al., 2006) . NCALD, a member of the visinin-like subfamily of neural Ca 2þ sensor proteins (VSNL), has also been suggested to act as a TS (Braunewell and Szanto, 2009 ). Additionally, two other potentially interesting down-regulated miR-96 target genes were identified, namely MTSS1 and EPB41L3 (Table 4 ). Down-regulation of MTSS1 has been associated with a poor outcome in breast cancer and with nodal metastasis in gastric cancer, while EPB41L3 has been identified as a TS in ovarian cancer (Parr and Jiang, 2009; Dafou et al., 2010; Liu et al., 2010a) .
Lung Cancer Associated miRNAs and Target Genes, and Their Potential Role in Asbestos-Exposed Patients
In the initial comparison between all of the tumor and corresponding normal samples, several previously known lung cancer-related miRNAs were identified and nine were newly discovered ( Fig. 1, Supporting Information 1 ; Yanaihara et al., 2006; Navon et al., 2009; Wang et al., 2009; Wu et al., 2009; Dacic et al., 2010; Gao et al., 2010; Liu et al., 2010b) . In addition, inverse correlation of several target genes was detected (Supporting Information 4 and 5). For example, up-regulation of MAP4K4, KRAS, and SOX4 correlated with the under-expression of miR-145, miR-30d/181a, and miR-30d, respectively (Supporting Information 5) and down-regulation of DLC1 and PDZD2 correlated with the overexpression of miR-19a and miR-21/25, respectively (Supporting Information 4). MAP4K4 has been shown to be up-regulated in many tumor cell lines and tissues, including lung cancer, and KRAS is one of the most frequently mutated proto-oncogenes in lung cancer (Husgafvel-Pursiainen et al., 1999; Collins et al., 2006; Suda et al., 2010) . SOX4 has been shown to act as an oncogene in several cancers and may be the target gene of a frequently found amplification at 6p in lung cancer (Andersen et al., 2009; Medina et al., 2009) . DLC1 (deleted in liver cancer 1) is frequently deleted in several solid cancers and PDZD2 has been shown to possess TS properties (Tam et al., 2008) .
Four miRNAs were found to be affected by CNA in correlation with the deregulation in the tumor samples. In particular, miR-141 and miR-200c showed a significant degree of correlation between over-expression and copy number gains at their locus (12p13.31). As far as we are aware, such a correlation has never been observed before, although the two events have been reported separately in lung cancer (Rydzanicz et al., 2008; Wu et al., 2009) .
The identification of two separate cancer groups in the initial analysis on all samples naturally led to further analyses on the differences between the groups and they were found to be almost completely classifiable according to the expression of two miRNAs (miR-27a and miR-939). Their deregulation was also correlated with CNA in the aCGH data (data not shown). mir-27a was found to be over-expressed and affected by CNA more frequently in the AC dominated cancer group 1, while miR-939 was more frequently over-expressed and affected by CNA in cancer Group 2. This difference between the two cancer groups seemed to be useful in the identification of asbestos-related lung cancers. The eight asbestos-related miRNAs in cancer Group 1, in combination with miR-27a were able to separate (i) cancer Groups 1 and 2, and (ii) asbestos-related and nonrelated tumor samples within cancer Group 1 (Fig. 4) .
Over-expression of miR-27a has been reported in gastric adenocarcinoma by Liu et al. (2009) , and cancer group 1, which showed over-expression of miR-27a, was dominated by AC samples. This may indicate that mir-27a could be specific for AC histology. Indeed, mir-27a is located at 19p13.1, which has been reported to show frequent allelic imbalance (AI) in AC tumors (Sanchez-Cespedes et al., 2001; Ruosaari et al., 2008) . In correlation with the over-expression of miR-27a, 15 target genes were found to be down-regulated (Supporting Information 3). The calcium sensor SYT1 was the most strongly down-regulated ( Fig. 2a ) and since asbestos exposure is associated with the modulation of intracellular calcium levels, it is intriguing to speculate that the down-regulation of this calcium sensor gene in cancer Group 1 could confer sensitivity to the effects of asbestos and possibly increase the cells susceptibility to carcinogenesis (Shukla et al., 2003) . Another down-regulated miR-27a target gene was GCLC, which is involved in glutathione synthesis. Interestingly, null phenotype polymorphisms in glutathione synthesizing genes have in some studies been proposed to increase the risk of MM as well as other asbestos-related diseases (Neri et al., 2008) . Thus, down-regulation of GCLC through miR-27a targeting may also sensitize the cells to the effects of asbestos.
miR-205 in SCC and Its Potential Role in Asbestos-Exposed Patients
A comparison between AC and SCC samples identified the highly SCC-specific miR-205. Several previous studies have reported the SCCspecificity of this miRNA; however, no clear target genes have been identified (Yanaihara et al., 2006; Lebanony et al., 2009; Bishop et al., 2010) . miR-205 has also been shown to be highly expressed in cell lines of head and neck SCC and in esophageal SCC, pointing to a role in determining the squamous cell phenotype (Lebanony et al., 2009; Matsushima et al., 2010) . Here, the over-expression of miR-205 correlated with the down-regulation of the target gene DOK4 (Fig.  2b) . DOK4, an insulin receptor substrate (IRS5) gene, plays a role in cellular growth, signaling, and survival and may be involved in the MAP kinase pathway. In a recent study, DOK4/IRS5 was found to be both up-and down-regulated in NSCLC, with experiments pointing toward an epigenetic mechanism (Gray et al., 2008) . This study indicates that the down-regulation in SCC may at least partly be due to miRNA targeting. Down-regulation of another insulin receptor substrate gene, IRS1, has been associated particularly with SCC in lung cancer (Han et al., 2006) . Furthermore, over-expression of mir-205 was also detected in the normal samples from asbestos-exposed patients with SCC compared with those from nonexposed patients. It is tempting to hypothesize that asbestos is able to induce the expression of miR-205 at an earlier stage of carcinogenesis in exposed individuals as compared with nonexposed subjects. Thus, although this miRNA is not specific for asbestos exposure in lung cancer, it may be an asbestos-specific early event in SCC. The over-expression of miR-205 in the asbestos-related samples correlated with the down-regulation of distinct target genes; e.g., TXNRD1, which is involved in oxidative stress; SMAD1, which shows reduced protein levels in asbestos-treated mouse lungs and the histone demethylation involved gene KDM4B at 19p13.3 (Supporting Information 9; Myllärniemi et al., 2008) . AI and copy number loss at 19p13.3 has been associated with asbestos exposure in non-AC histological types of lung cancer (Wikman et al., 2007; Ruosaari et al., 2008) .
miRNAs and Target Genes Potentially Associated with Early Stage Carcinogenesis of the Lung
A much broader difference in miRNA expression was seen between normal lung from cancer patients and control samples (100 differentially expressed miRNAs) than between tumor and corresponding normal samples (34 differentially expressed miRNAs). A similar phenomenon could not be observed in the mRNA data, supporting the notion that miRNAs are more accurate and sensitive in classifying tissues according to origin, type, and possibly also to malignancy stage as compared to mRNA data (Lu et al., 2005) . Seventy-seven percent of the 30 most significantly differentially expressed miRNAs were underexpressed in normal compared with control samples (Supporting Information 6). A similar deregulation of the whole miRNA biogenesis pathway in the early morphological modifications during cancer development has been postulated in a previous experimental study on squamous cell carcinogenesis (Mascaux et al., 2009 ). The study pointed to a two-step evolution for genome-wide miRNAs, first decreasing in abundance during early morphological modifications of bronchial epithelium and thereafter increasing in the later stages of lung carcinogenesis.
Among the under-expressed miRNAs were several members of the let-7 family (a, d, e, f, g, and i) which were not identified in the comparison between cancer and normal samples, although these vital miRNAs have been reported to play an important role in the development of lung cancer (Yanaihara et al., 2006; Wang et al., 2009) . Consistent with our findings, Inamura et al. (2007) reported that let-7 under-expression occurred early during lung carcinogenesis.
In correlation with some of the underexpressed miRNAs, up-regulation of several target genes commonly known as TS genes was identified. Some examples are the proapoptotic genes EGR2 and EGR3, and the tumorigenesis limiting gene SOCS2 (Supporting Information 7). This may be evidence of an initial attempt to inhibit the carcinogenic events in the normal tissue surrounding the tumor. However, up-regulation of potential oncogenes were also identified, such as the leukemia associated gene MCL1, the inflammation involved gene PTGS2 (COX2) as well as the lung cancer associated genes NR4A2 and CFH. Inhibition of NR4A2 has been shown to be associated with growth suppression in LKB1 (19p13) null lung tumors and CFH auto-antibodies are associated with early stage NSCLC (Amornsiripanitch et al., 2010; Komiya et al., 2010) .
CONCLUSIONS
Novel asbestos-and histology-associated miR-NAs were identified. In addition, inverse correlation of specific target genes was discovered using integration analysis on miRNA and mRNA data from the same patient samples. CNA were also correlated with some of the deregulated miRNAs. The most significant observations strongly suggest a role for these miRNAs in either asbestos-related lung cancer or lung cancer with SCC histology, especially since the predictive accuracy is 100% in most cases (Table 3) . Nevertheless, independent experiments are needed to confirm the findings. From a diagnostic perspective, these findings could potentially have important implications, many of which warrant further investigation.
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